Aneurysmal subarachnoid hemorrhage (aSAH) is a devastating neurological condition and these patients often have unfavorable outcomes at the long-term follow-up. Poor-grade aSAH is a severe subtype of aSAH and is defined as World Federation of Neurosurgical Surgeon (WFNS) grade IV or V. All patients should be treated by a multidisciplinary team that consists of vascular neurosurgeons, interventional neuroradiologists, neurologists, and anesthetists. Aneurysm rebleeding occurs in the poor-grade aSAH within the first 72 h after ictus. Timing of treatment for aSAH has shifted from delayed to early treatment of ruptured aneurysms, and there will be a trend toward early or ultra-early treatment for poor-grade aSAH. However, there is no consensus regarding the optimal timing of treatment for poor-grade aSAH. Endovascular coiling has provided a viable alternative to surgical clipping. An increasing number of patients have received endovascular treatment. There are limited data on high-level clinical trials focused on the treatment of poor-grade aSAH. An accurate prediction model remains challenging. Predicting long-term outcome is essential to support treatment decision-making. We reviewed the current therapeutical management and prognosis of poor-grade aSAH.
Introduction
Aneurysmal subarachnoid hemorrhage (aSAH) is a devastating neurological condition and is associated with high morbidity and mortality. Poor-grade aSAH accounts for approximately 30% of all aSAH, and it is a severe subtype of aSAH. These patients more often present with acute hydrocephalus, severe intraventricular hemorrhage, microcirculatory disturbances, and even multi-organ failure after ictus [1, 2] . Traditionally, these patients are managed conservatively, and only those who show clinical improvement were selected for aggressive treatment [1, 3, 4] . However, aneurysm rebleeding occurs in patients with poor-grade aSAH, and about 50% of rebleeding is at the early stage after the hemorrhage [5] . Nowadays endovascular coiling, surgical clipping, and intensive neurocritical care have improved outcomes in patients
Aneurysm rebleeding and predictor of the rebleeding
Rebleeding more often occurs in patients with poor-grade aSAH [23] [24] [25] [26] [27] . Van Donkelaar et al. [28] reported that 41 (11.0%) of 374 patients experienced rebleeding. Of the 297 patients included in our previous study, 30 (10. 1%) patients experienced rebleeding; 14 (46.7%) cases occurred within 24 h after ictus, 11 (36.7%) occurred between 1 and 7 days, and 5 (16.6%) occurred after 7 days [5] . High blood pressure, poor-grade clinical condition, modified Fisher grade, posterior circulation aneurysms, larger aneurysms (>10 mm), intracerebral or intraventricular hemorrhage are reported to be important predictors of rebleeding after aSAH [24, [28] [29] [30] . Van Donkelaar et al. [28] reported that a higher modified Fisher grade was a strong risk factor associated with a rebleeding probably because the amount of blood was a marker of stability of the ruptured aneurysm wall.
Many neurosurgeons use preoperative ventricular drainage in all patients with poor-grade aSAH to maintain adequate cerebral perfusion [15, 24, [31] [32] [33] ; however, there is no guideline for the drainage after poor-grade aSAH. Laidlaw and Siu reported that 2 of 133 patients treated with surgery underwent ventricular drainage because of the concern of rebleeding [34]. On the other hand, several studies
Timing of treatment
There is no consensus regarding the optimal timing of treatment for poor-grade aSAH. Traditionally, these patients have been managed medically and only undergo the treatment of the ruptured aneurysm when clinically stabilized and improved. In the past decades, several studies have shown that early surgery (within 72 h of ictus) improved the outcome in selected patients with poor-grade aneurysms [15-17, 33, 37-39] . At more than 6 months of follow-up, 46% of patients had a good outcome after early surgical clipping [40] . Zentner et al. [41] reported that early surgery resulted in a good outcome of 22% of patients with the worst grade. A study of 103 patients with grade V showed a good outcome in 26% of patients at follow-up [42] . Despite the rates of morbidity and death remaining high in patients with WFNS grade V, these findings suggest that early aneurysm repair is feasible and safe for poor-grade aSAH. Early treatment for ruptured aneurysm may help reduce the risk of rebleeding and manage cerebral vasospasm and delayed ischemia. Patients with younger age, WFNS IV after emergency resuscitation, and middle cerebral artery aneurysms are more likely to have a favorable outcome after early surgery [43] . Aneurysm treatment as early as possible is recommended to prevent rebleeding after initial aSAH [44, 45] . Ultra-early treatment (within 24 h) reduces the risk of rebleeding and improves outcomes in most patients with good-grade aSAH [46] [47] [48] . However, there is no evidence to support ultra-early treatment of poorgrade aSAH because these patients experience more severe brain swelling than good-grade patients [42, 49] . With development in microsurgical techniques, there has been growing interest in ultra-early treatment of aSAH. A current series of 78 patients with poor-grade treated with surgical treatment showed 44 patients (56%) had a good outcome, including 26% of patients presenting with WFNS grade V, and surgery was performed within 24 h after admission [33] . In a multicenter and contemporary cohort of poor-grade aSAH, 47 (40%) of 118 patients underwent ultra-early surgery, 16 (34%) patients in ultra-early surgery group and 42 (59%) patients in delayed group had a good outcome [50] . Laidlaw et al. [17, 34] reported 40% of patients were independent after 3 months and 45% died. With coiling, there are few technical limitations to ultra-early treatment of aSAH as the limitations related to inflammation and brain swelling do not affect the technical aspects of the procedure [51] .
A current meta-analysis and systemic review of poor-grade aSAH evaluated outcomes by timing of treatment modality and found that patients receiving ultra-early treatment (within 48 h of aSAH) had the highest rates of good neurological outcome (61% compared to 40% for early and 47% for delayed) [12] . Park et al. [47] reported that ultra-early surgery did not significantly decrease the incidence of rebleeding of poor-grade aSAH and also that it was not associated with outcomes [18, 47, 48] . Ultra-early aneurysm treatment of poor-grade aSAH still remains controversial.
Surgical treatment
Surgical treatment includes external ventricular drainage for hydrocephalus or intraventricular hemorrhage, surgical clipping of ruptured aneurysms, and decompressive craniectomy. Surgical selections are based on aneurysm morphology, patient's neurological condition, and treatment relative risk following multidisciplinary consultation. Patients with associated large intracerebral hemorrhage (more than 30 ml) are more often considered for surgical clipping. After surgery, patients are transferred to the intensive care unit, and they are treated with standard management for vasospasm. Illustrative case receiving surgical clipping is shown in Figure 1 .
The international subarachnoid aneurysm trial (ISAT) demonstrated that for aSAH amenable to both treatments, patients treated with endovascular coiling had better outcomes than patients treated with surgical clipping [52] . Although endovascular treatment has been used as an available alternative to surgery for aSAH, surgical treatment is still an important treatment modality for poor-grade aSAH. In the contemporary multicenter cohorts of poor-grade aSAH, patients receiving clipping more often had a lower GCS score, a WFNS grade of V, a higher Fisher grade and modified Fisher grade, and a ruptured anterior circulation aneurysm than those receiving coiling [53] . Patients with WFNS grade V after emergency resuscitation, a better Fisher grade, brain herniation, the presence of ICH, or the absence of IVH more often underwent early surgical clipping [43] . Patients with brain herniation more commonly are treated with surgery. There are no significant differences in rebleeding, cerebral infarction, symptomatic vasospasm, seizure, pneumonia between coiling and clipping groups. There is also no significant difference in outcomes at 6 and 12 months between the two treatments [53] . Poor-Grade Aneurysmal Subarachnoid Hemorrhage: Diagnosis, Therapeutical Management… DOI: http://dx.doi.org /10.5772/intechopen.89993 Decompressive craniectomy has been reported in the treatment for severe traumatic brain injury, massive ischemic stroke, and aSAH [54] [55] [56] [57] [58] [59] [60] . This procedure can reduce increased intracranial pressure and improve cerebral perfusion and outcomes in selected patients with ruptured aneurysms with associated intracerebral hemorrhage [61] . However, there are no studies focusing on the safety and efficacy of decompressive craniectomy for poor-grade aSAH compared with conventional craniotomy. Our previous study has shown that primary decompressive craniectomy does not increase postoperative complications and can be performed safely in poor-grade sSAH. More than one-half of patients benefit from primary decompressive craniectomy.
Endovascular treatment
Since the ISAT study, endovascular treatment is more commonly used than clipping for ruptured aneurysm. Aneurysms can be coiled though the minimally invasive endovascular approach to reduce the rate of rebleeding and avoid brain swelling and high intracranial pressure. Endovascular treatment is performed in continuity with the initial angiography and requires less treatment time. The current results at the 3-and 6-year follow-up in the ruptured aneurysm treatment study showed that there was no significant difference in outcome between the two treatments for ruptured aneurysms [62, 63] . A current systematic review of surgical and endovascular treatment of poor-grade aSAH has also shown that the proportion of patients with endovascular coiling increased from 10.0 to 62.0% between 1990 and 2000 and 2010 and 2014 [12] . Therefore, endovascular coiling is a feasible and reasonable option for poor-grade aSAH. Illustrative case receiving coiling is shown in Figure 2 .
Mocco et al. [31] reported that 35 (35.7%) of 98 patients received coiling, and there was also similar outcome between coiling and clipping for poor-grade aSAH. In our prospective and multicenter registry of 262 patients with poor-grade ruptured aneurysm, 133 (50.8%) patients received endovascular coiling within 21 days after poor-grade aSAH [53] . An unadjusted analysis showed that the rate of outcome (mRS 0-2 or mRS 0-3) at discharge at 6 and 12 months in the coiled patients was higher than that in the clipped patients probably because of selection bias. In our exploratory analysis, there was no significant difference in clinical outcomes between the two groups. Patients receiving coiling had a higher risk of radiological hydrocephalus than clipped patients, and there was a trend toward clinical hydrocephalus after coiling. However, Zaidi et al. [64] found that there was no difference in hydrocephalus among patients treated by coiling or clipping.
With advances of endovascular technology, stent-assisted coiling has been used in the treatment of ruptured aneurysms. There is a main concern about the safety of stent-assisted coiling for poor-grade ruptured aneurysms. A review reported clinical outcomes in the stent-assisted coiling were worse than those in the coiling alone of acutely ruptured aneurysms [65] . Several studies showed that hemorrhagic complications often occurred in patients with acutely ruptured aneurysms after stent-assisted coiling and external ventricular drainage probably because of dual-antiplatelet therapy [66] [67] [68] . Using a multicenter poor-grade aneurysm study, we compared perioperative complications, and clinical outcomes between the stent-assisted coiling and the coiling-alone groups [69] . Twenty-three (17.6%) patients were treated with stent-assisted coiling compared with 108 (82.4%) patients treated with coiling alone. There were no statistically significant differences in intraprocedural rupture, procedure-related ischemic complication, ventricle drainage-related hemorrhagic complication, and symptomatic vasospasm between the stent-assisted coiling group and the coiling-alone group. However, there was a trend toward rebleeding after stent-assisted coiling. The hemorrhagic complication should be considered before the treatment decision-making. Therefore, treatment of wide-necked ruptured aneurysms remains challenging and we still require improvement of endovascular treatment of wide-neck ruptured aneurysms. A clinical trial focused on poor-grade ruptured aneurysms may be necessary to assess the efficacy of the treatment.
Outcomes and prognosis
The clinical outcomes of patients with aneurysm rebleeding remain very poor probably because of a severe secondary brain injury caused by a large cerebral hematoma or severe intraventricular hemorrhage. The rebleeding is independently associated with poor outcome (odds ratio [OR] 36.37, p < 0.001) and associated with mortality (OR 25.03, p < 0.001) at 12 months [5] . Tanno et al. [70] reported that 152 (84%) of 181 patients presented with semicoma to coma after rebleeding. Of the 30 patients with rebleeding in our previous study, 22 (73.3%) patients died at discharge. At 12 months, 2 (6.7%) patients had a modified Rankin Score (mRS) of 1, 1 (3.3%) had a mRS of 4, and 26 (86.7%) died [5] . A higher modified Fisher grade before rebleeding, larger aneurysms, and a lower GCS score after rebleeding were independently associated with increased mortality. A lower WFNS grade treated with aggressive treatment is more likely to have a good outcome [71] .
Aggressive treatment and successful aneurysm repair can reduce the rebleeding and improve clinical outcomes in selected patients. In a current review of poorgrade aSAH, the rate of good outcome increased from 37.0 to 44.0% over the years. Good outcome was 38% (95% CI = 33-43%) in the endovascular group and 39% (95% CI = 34-44%) in the surgical group at the over 6 months of follow-up [12] . In our multicenter poor-grade aneurysm study [53] , 52 (19.8%) patients had a mRS score of 0 or 1, 98 (29.8%) had a mRS score of 0-2, 112 (32.4%) had a mRS score of 0-3, and 51 (19.5%) had died at discharge. Ninety-five (36.3%) patients had a mRS score of 0 or 1, 115 (43.9%) had a mRS of 0-2, 126 (48.1%) had a mRS of 0-3, and 103 (39.3%) had died at 12 months. The outcome is improved after endovascular coiling or clipping over time of the follow-up [53] . In a prospective database of poor-grade aSAH patients, 40% of the 98 patients had a favorable outcome at 12 months [31] . In the 136 patients receiving endovascular coiling, 59 (43.3%) patients had a mRS of 0 or 1, and 64 (47.0%) had a poor outcome (mRS4-6) [72] .
Poor-Grade Aneurysmal Subarachnoid Hemorrhage: Diagnosis, Therapeutical Management… DOI: http://dx.doi.org /10.5772/intechopen.89993 About one-half of patients achieve a good outcome after the treatment, therefore predicting outcome after poor-grade aSAH is essential to support early treatment [73] . A few prognostic prediction models have been reported [3, 31, 74] . However, these studies are from a single center or have a limited sample size. Older age, lower GCS score, absence of pupil reactivity, higher modified Fisher grade, and conservative treatment are associated with poor outcome in most studies [3, 31, 74, 75] . These predictors of poor outcome are summarized in Table 1 . We developed an integer-based outcome risk score (WA P ) to predict the long-term outcomes [76] . The WAP score consists of three variables: WFNS grade, Age (three categories), and Pupillary reactivity. The sum of the weighted scores was used to assess the overall score and was ranged from 0 to 4. The predicted risk of poor outcome ranged from 25.5% for a WAP score of 0 to 96.2% for a score of 4. The risk score is easily measured and may complement treatment decision-making [76] .
Conclusions
Poor-grade aSAH is a severe subtype of subarachnoid hemorrhage caused by ruptured aneurysms. Timing of treatment for the aSAH has shifted from delayed to early surgery, and there will be a trend toward ultra-early treatment for poor-grade aSAH. However, there is no consensus regarding the optimal timing of treatment for poor-grade aSAH. Although endovascular treatment has been used as an available alternative to surgical clipping for aSAH, surgical treatment is still an important treatment modality for poor-grade aSAH. Despite advancements in aneurysm treatment, the morbidity and mortality of poor-grade aSAH remain high. Many retrospective studies have reported the predictors of outcomes, but there is not appropriate prediction model for poor-grade aSAH. The treatment decision-making is still challenging. Further prospective cohort study or clinical trials focused on poor-grade aSAH are required to help guide treatment decisions for this devastating condition.
